Transvenous interventions for intracranial vascular lesions are usually performed via venous access of a femoral vein puncture. However, the transjugular route is an alternative with a shorter and less tortuous vascular access for intracranial lesions. Although puncture of the internal jugular vein is generally believed to be too dangerous owing to potential hazardous complications, the safety of the sonographically guided retrograde internal jugular vein puncture technique for intracranial intervention has not been fully evaluated in the English literature. We present our experience with a total of 44 transjugular intervention procedures between April 1999 and June 2010. We believe sonographically guided internal jugular vein puncture is a safe and efficacious technique for establishing transvenous access for an intracranial endovascular intervention.
T ransarterial access through arteriotomy of the femoral artery is most commonly used in intracranial endovascular neurointerventions. 1 Through this transarterial route, endovascular procedures are performed for embolization of intracranial vascular lesions and hypervascular tumors. In addition, angioplasty and stent placement for arterial stenosis are also performed in a similar manner. However, some intracranial vascular lesions, including CCF, DAVF, or dural sinus thrombosis, are sometimes preferably managed by a transvenous access. 2, 3 The transvenous routes can be established via common femoral vein puncture, internal jugular vein puncture, or direct puncture of abnormally dilated venous sacs. 4 However, puncture of the internal jugular vein for intracranial intervention is generally believed to be dangerous due to the large sheaths used during the procedure, the difficulties in holding adequate pressure against the airway and other soft tissues of the neck during hemostasis, the potential serious complications of expanding cervical hematomas, and the risk of inadvertent carotid artery injury.
In our department, we routinely perform a sonographically guided technique in difficult cases of arterial and venous puncture. However, to our knowledge, the safety, efficacy, and potential risk of sonographically guided retrograde internal jugular vein puncture for intracranial intervention has not been fully evaluated in the English literature. In this study, we retrospectively reviewed the consecutive patients who underwent sonographically guided internal jugular vein puncture for an intracranial interventional procedure in our institution during the past 10 years. The safety, efficacy, and potential complications of this procedure were collected and analyzed in this study.
Technique

Patients
From April 1999 to June 2010, 44 transjugular intracranial interventions using a sonographically guided internal jugular vein puncture technique were performed in 42 patients at our institution. Two of these patients underwent a second transjugular intervention 2 months and 1.5 years, respectively, after the first procedure. All procedures were performed in accordance with the guidelines of the institutional review board, which approved our retrospective medical chart review and analysis.
Procedure
Except for 2 procedures of venous sampling, all procedures were performed with the patients under general anesthesia. The site of internal jugular vein puncture was chosen according to the site, location, and venous drainage pattern of the vascular lesion. Patency of the selected internal jugular vein was confirmed by using real-time sonography with compression and a color Doppler technique. A freehand technique was used in all patients. The selected internal jugular vein was punctured with an 18-ga needle catheter under sonographic guidance. A 6F sheath was introduced into the internal jugular vein by using the Seldinger technique. Right common femoral artery puncture was performed with a conventional method. A 5F or 5.5F catheter was navigated into the feeding artery to obtain the venous roadmap. If needed, complete angiography of bilateral ICAs, ECAs, and VAs was performed to assess the size and location and relationship of feeding arteries and drainage veins of the vascular lesion. Selective catheterization of the dural venous sinus, usually the inferior petrosal sinus or the sigmoid sinus, was performed with a hydrophilic polymer-coated 0.035-inch angled soft guidewire and a 5F or 5.5F end-hole guiding catheter. A microcatheter with a microwire was navigated coaxially to the optimal location for intervention. Then embolization or other procedures were performed with realtime digital subtraction fluoroscopic mapping. Angiography was performed immediately after completion of the procedure to check the outcome. Patents were generally followed by clinical evaluation. Conventional angiography or MR angiography re-evaluation was performed if clinically indicated.
Results
Patient Population, Coagulation Profile, and Diagnosis
The patient demographics, average of the coagulation profile, and indication for treatment are presented in Table 1 . Coagulopathy (prolonged prothrombin time, activated partial thromboplastin time, or decreased platelet count) was found in only 1 patient. Among the 42 patients enrolled, 16 underwent transvenous embolization treatment for DAVFs. Cerebral venous occlusion was present in 5 and absent in 11 of these 16 patients with DAVFs. One patient had a superior sagittal sinus occlusion without a coexistent DAVF. Trans- 
Technique of Transjugular Vein Interventions
Details of internal jugular vein puncture, transvenous intervention, and concurrent transarterial intervention are summarized in Table 2 . Bilateral internal jugular vein puncture was performed in 6 patients to achieve optimal embolization therapy. In 2 of these 6 patients, a bilateral internal jugular vein approach was necessary for both proximal and distal segment embolization when trapping occluded dural sinuses and associated DAVFs (Fig 1) . In the other 4 patients, puncture of the contralateral internal jugular was performed for alternative vascular access after failure of the initially planned transvenous route. Catheterization was performed through the inferior petrosal sinus to the cavernous sinus in 23 patients; through the facial vein, angular vein, and superior ophthalmic vein to the cavernous sinus in 6 patients; to the superior petrosal sinus in 1 patient; through the dural venous sinuses to the superior sagittal sinus in 3 patients; and to the unilateral or contralateral jugular bulb, sigmoid, or transvenous or marginal sinuses in 11 patients. Transvenous embolization performed mainly with electrically detachable coils (GDCs; Boston Scientific, Natick, Massachusetts). One patient with superior sagittal sinus occlusion had mechanical and chemical thrombolysis. Jugular bulb angioplasty and stent placement were performed in 1 patient with jugular bulb occlusion and a DAVF. Concomitant transarterial embolization of feeding arteries with Onyx (ev3, Irvine, California), n-BCA, or particles was performed in 9 procedures.
Procedure-Related Complications
In 1 patient with a right marginal sinus DAVF, herniation and fixation of a microcoil into the internal jugular vein occurred. However, the internal jugular vein remained patent in subsequent follow-up angiography. In 1 patient with left transverse and sigmoid sinus DAVFs, embolization of the left superior petrosal sinus and engorged venous sacs in the left cerebropontine angle was performed to obliterate the extensive fistula and venous drainage. Unfortunately, left temporal intraparenchymal hemorrhage, subdural hemorrhage, and subarachnoid hemorrhage occurred immediately after embolization. This patient died due to extensive intracranial hemorrhage. In a patient with bilateral CCFs, transarterial embolization of a right-sided fistula with Onyx was performed after optimal transvenous embolization of a left-sided fistula with microcoils. However, regurgitation of Onyx though the residual fistula into the left ICA occurred. The cavernous and clinoid segments of left ICA were completely occluded. Patent collateral perfusion through the anterior communicating artery and left posterior communicating artery was confirmed immediately on right ICA angiography. The patient had only a minor infarct in the left corona radiata and body of the left corpus callosum and recovered smoothly without major neurologic deficits. However, none of these patients had morbidity or mortality associated with the internal jugular vein puncture.
Discussion
Transvenous endovascular intervention is a well-established technique for many intracranial vascular diseases. Through the venous route, the interventional radiologist can perform embolization of CCFs and DAVFs. 2,5-7 Thrombolysis, embolectomy, and stent placement for dural sinus thrombosis can also be achieved transvenously. 3, 8, 9 In addition, venous sampling is also performed transvenously for diagnosis of pituitary gland disorders. 10, 11 Although femoral vein puncture is the most commonly used venous access, jugular vein puncture and direct puncture of engorged veins in the head and neck are possible alternatives. 5, 7 Currently, the internal jugular vein puncture technique is widely used for placement of central venous catheters, tunneled central catheters for hemodialysis, [12] [13] [14] and inferior vena cava filters. 15, 16 Ablation of atrial fibrillation, 17 transjugular intrahepatic portosystemic shunt, 18 and transvenous hepatic biopsy 19, 20 are also reported to be safe via transjugular access. The interventionist can benefit from the internal jugular puncture in many aspects, compared with using the common femoral vein puncture. First, the internal jugular vein is much closer to the intravascular vascular lesion. With the shorter route of catheterization, a shorter guiding catheter can be used. As a result, the available working length of the microcatheter and microwire would be much longer for selective catheterization during the procedure. In addition, with the shorter catheter retained in the patient's body, the risk of iatrogenic thromboembolism would be less during the procedure. Second, several angulations of the guiding catheter are often encountered at the junctions between the SVC and brachiocephalic veins, between the brachiocephalic veins and internal jugular veins, and at the jugular bulbs in a transfemoral route technique. With the transjugular route, the 2 marked angulations at the junctions between the SVC and brachiocephalic veins and between the brachiocephalic veins and internal jugular vein are bypassed. Therefore, less tortuosity of the catheter and, correspondingly, less difficulty of catheterization and embolization would be encountered during the procedure. In the case presented in Figs 2 and 3 , the microcatheter was successfully navigated through the facial vein, angular vein, and superior ophthalmic vein into the cavernous sinus and inferior petrosal sinus. With the benefit of a transjugular vein approach, the tortuosity of the guiding catheter and microcatheter was markedly decreased. Correspondingly, the resistance during advancing the catheter and deploying microcoils was also reduced. Therefore, the procedure can be performed more smoothly with less operation time. Furthermore, the 1-way valves at the junction of internal jugular vein and brachiocephalic vein would impede retrograde catheterization when performing a transfemoral technique, but they are easily bypassed by transjugular routes.
Sometimes, endovascular treatments are performed via sonographically guided puncture of pathologically dilated venous sacs or the drainage vein near the vascular lesion. Theoretically, the route of catheterization would be shortest by these vascular accesses. However, due to the relatively smaller caliber and tortuous nature of these venous routes, it can be difficult to place a large-sized vascular sheath, such as the 6F sheath we used in the transjugular vein technique. With the small-sized vascular sheath, the available guiding catheter, guidewire, microcatheter, microwire, and special technique of catheterization (eg, the double-catheter technique and balloon-assisted embolization) are all limited during the procedure. As in the case presented in Fig 4, recannulation of the occluded superior sagittal sinus was performed through left internal jugular vein access. With the benefit of a large-sized (6F) internal jugular vein sheath, a balloon catheter was deployed and inflated without difficulty. In addition, no limitation of trunk or limb movement was required during the subsequent 48-hour chemical thrombolysis. Finally, patients with obesity are not uncommon in the daily practice of interventional neuroradiologists. The marked thick layer of subcutaneous fatty tissue and the deep skin folds around the groin area can make femoral vein puncture time-consuming and sometimes impossible. In these patients, internal jugular vein puncture is another alternative technique.
There are also some drawbacks to the internal jugular vein puncture for intracranial interventions. First, internal jugular vein punctures are usually performed antegradely in other procedures (eg, in transjugular hepatic interventions). However, they are uniquely performed retrogradely during intracranial interventions. When one performs the retrograde jugular vein puncture, the conventional landmark guidance technique used in antegrade puncture is not useful. Moreover, retrogradely navigating a guidewire and catheter within a transvenous route would be markedly difficult due to the reversed direction of blood flow and the complex network of venous return in the head and neck regions. Therefore, we routinely use the technique of indirectly obtaining a venous roadmap with a transarterial catheter in the feeding artery to overcome these difficulties.
The congenital variation of the head and neck venous net- work also increases the difficulty of the transjugular technique. For example, the confluence of the facial vein or occipital vein with the internal jugular vein may be located in the middle or lower portion of the neck. They will be bypassed after placement of a vascular sheath with the puncture site in the middle neck according to the conventional landmark guidance technique. Therefore, it is wise to make the site of the internal jugular vein puncture as caudally as possible. As in other transjugular interventions, we are always concerned about the potential inadvertent injury of the carotid artery and venous bleeding due to repeat puncture or penetration of the posterior wall of the jugular vein in patients with coagulopathy. 21 Under ultrasonographic guidance, internal jugular vein puncture can be performed safely and accurately at the optimal venous access site. Therefore, the risk of carotid artery injury, uncontrollable neck bleeding, and neck hematoma are markedly decreased. In this study, transjugular accesses were successfully established in all 44 procedures with sonographic guidance without inadvertent carotid artery injury. No puncture-related morbidity or mortality occurred during any of these procedures.
Conclusions
Sonographic guidance of internal jugular vein puncture is a useful procedure in establishing a transvenous route for an intracranial endovascular intervention. According to our 10-year experience of intracranial intervention, transvenous accesses were successfully established with sonographic guidance in 44 procedures. No morbidity or mortality associated with the internal jugular vein puncture occurred. Therefore, we believe this technique be a safe and efficacious alternative vascular access for intracranial endovascular interventions.
